The contribution by Linask and VanAuker [4] analyzes the role of the cytoskeleton in the laterality and directionality of cardiac looping. It has to be realized that looping involves the earliest part of the heart, the primary heart tube, which derives from the precardiac fields, but participation of the second heart field drives further development and addition of, e.g., the atria, the larger part of the right ventricle and the outflow tract. RhoA regulates morphogenetic events by altering extracellular matrix (ECM)/cell surface/cytoskeletal interactions at focal contacts involving mechanotransduction. Flectin is an important intermediary between ECM and myocardium. The biomechanics of heart looping depend on local differences in wall stiffness, illustrated by the softness of the cardiac cushions compared to the myocardium, while the inner curvature is stiffer than the outer curvature. Furthermore, material properties change with increasing intracardiac pressure, e.g., as result of chamber septation.
Cardiac development depends not only on the cardiac lineages per se, but also on extracardiac contributions. This is paramount for the neural crest [5] . In early embryos, the cardiac crest, as part of the roof of the rhombencephalon, is located between the otic placode and the fourth somite [5, 6, 7] . A selected cell population migrates through the pharyngeal arches to take residence in a number of organ primordia, including the pharyngeal arch arteries and the heart. On the migration path, neural crest cells (NCC) pass the second heart field and the interaction with the various cell populations results in a complicated differentiation schedule, including the possibility of congenital malformations. NCC are important in differentiation of the wall of the pharyngeal arch arteries, outflow tract separation, valve formation, and differentiation of the conduction system. The contribution by Snider et al. [8] reviews the cell-autonomous polarized movement of the NCC towards the heart and their final destination, entering both the arterial and the venous pole. Using the genetically defined Pax3 (splotch) mutant mouse, presenting, e.g., a persisting truncus arteriosus, the neural crest fate is beautifully illustrated.
A further extracardiac cell population has recently lost its "extracardiac denomination" as it is becoming clear that the proepicardial organ is part of the second heart field and, therefore, only relatively lately added to the primary heart tube, very similar to the outflow tract. In their review, Lie-Venema et al. [9] provide evidence that the proepicardial organ is the base of the epicardium, which transforms through EMT into migrating cells. These epicardium-derived cells (EPDC) invaginate the cardiac wall and provide the large majority of cardiac fibroblasts and coronary smooth muscle cells. Other functions of the EPDC relate to valve formation, the architecture of the cardiac wall, and the differentiation of the Purkinje system.
It is evident that signaling is an important mechanism in embryonic differentiation and the heart, being complex in its development is no exception. Hoover and colleagues [10] concentrate on the role of retinoid signaling in each stage of cardiac development. Retinoid signaling is needed for cardiac lineage determination, tube formation, looping, epicardium formation, ventricular maturation, outflow tract septation, and coronary arteriogenesis. Dietary vitamin A is biologically inert and needs conversion to bioactive retinoic acids, the ligands for the receptors (RXR and RAR). The metabolic pathways and the receptor patterns in time and space dictate the importance in development. Deficiency or surplus of vitamin A [11] , and disturbances in the pathways or the receptor function, explain the variety of congenital malformations. The epicardium is particularly interesting as proepicardium and EPDC produce RA, thereby driving ventricular maturation. Endocardial cushions and NCC also show a tight dependency on RA signaling. Interactions of RA with other cardiac regulation pathways, such as Wnt and TGFbeta, are provided.
The development of the cardiac conduction system (CCS) is an elusive phenomenon with many undecided elements, yet to be resolved. Jongbloed et al. [12] provide a thorough review of this complex system used for studying components of the conduction system, including the sinus and atrioventricular nodes, the His and left and right ventricular bundle branches, as well as the Purkinje network. Their study encompasses various so-called markers, such as the T-box and homeodomain transcription factors, transcriptional repressors of the Id family, and the GATA factors. Furthermore, functional characteristics include the (specific) ion channels, such as MinK, the HCN family, and connexins. The intriguing part encompasses the consequences of embryonic (mal)development of the CCS for arrhythmias later in life. It is evident that the left atrial area surrounding the entrance of the pulmonary veins has an embryonic origin that explains this hot spot for arrhythmogenicity. Furthermore, the development of the atrioventricular junction explains the possible persistence of atrioventricular connections, related to Mahaim tachycardia.
Epigenetic factors have been underestimated in their influence on cardiac development. Icardo [13] has been an advocate in this field, while more recently, the influence of mechanical forces of the flowing blood has been described [14, 15] as well as the forces emanated by the contractions of the heart tube [16] . Hierck et al. [17] demonstrate in the embryo that biomechanical characteristics of blood flow and accompanying shear sensing by endothelial cells evoke intracellular reactions based temporarily on calcium fluxes and more permanently on gene expression changes, also known in atherosclerotic events [18] . The important mechanosensor is the cytoskeleton that is sensitized by the nonmotile primary cilium extending into the lumen. Differences in high shear stress areas and areas with disturbed or oscillatory flow accompany various expression patterns of shear stress-dependent genes, including nitric oxide synthase-3, krűppel-like factor-2, and endothelin-1.
In conclusion, both intrinsic and extrinsic factors determine the development of the cardiovascular system. These include Wnt and RA signaling; the involvement of extracardiac cell populations, such as neural crest and proepicardiac cells; the origin of the conduction system; and physical aspects, such as hemodynamic forces and material properties, including the role of the cytoskeleton in mechanotransduction.
